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DE-INTERLACING AND FRAME RATE
UPCONVERSION FOR HIGH DEFINITION
VIDEO

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a national stage entry under 35 U.S.C.
§371 of International Application No. PCT/CA2013/050205,
filed on Mar. 15, 2013 which claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Application No. 61/640,319 filed
on Apr. 30, 2012, the contents of which are incorporated
herein by reference.

BACKGROUND

Unless otherwise indicated herein, the approaches
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in
this section.

Digital video may be encoded in an interlaced format. For
example, a digital video may be interlaced to reduce the
bandwidth to broadcast the digital video. As another example,
a digital video may be interlaced to facilitate displaying the
digital video on a display capable of rendering interlaced
digital video (e.g., Cathode Ray Tube (CRT) displays, Alter-
nate lighting of surfaces (ALiS) Plasma displays, or others).
However, other types of displays may not be capable of ren-
dering an interlaced digital video (e.g., Liquid Crystal Dis-
plays (LCD’s), computer monitors, or others). Accordingly,
an interlaced digital video may be “de-interlaced” in order to
make the digital video compatible with some displays.

Additionally, a digital video may have a corresponding
frame rate (or frequency). The frame rate may be expressed as
frames per second (FPS) or represented in Hertz (Hz). A
digital video may have any number of FPS. For example,
some digital videos may have a frame rate of less than 100 Hz.
As a further example, some digital videos used for viewing
television programs may have a frame rate of between 24 and
60 Hz. Some displays (e.g., some high-definition (HD) dis-
plays) may have a display frequency of 100 Hz or more. As
such, the frame rate of some digital videos may be increased
(referred to as “frame rate up-conversion™) in order to make
the digital video compatible with some displays.

SUMMARY

Detailed herein are various methods for de-interlacing an
interlaced digital video. Example methods may include esti-
mating, on a computing device, a first progressive scan video
frame based at least in part on an interlaced video frame from
the interlaced video and generating a second progressive scan
video frame based at least in part on application of a nonlocal
means filter to the estimated first progressive scan video
frame.

Alternatively or additionally detailed herein are various
methods for up-converting the frame rate of a digital video.
Examples methods may include inserting, by a computing
device, an interpolated video frame between a first video
frame and a second video frame of the digital video, deter-
mining, for each pixel in the interpolated video frame,
whether the pixel is a background pixel based at least in part
on pixels in the first video frame and pixels in the second
video frame, setting, in response to determination that the
pixel in the interpolated video frame is a background pixel, a
value ofthe pixel in the interpolated video frame based at least
in part upon the value of the corresponding pixel in the first
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video frame and the value of the corresponding pixel in the
second video frame, and setting, in response to determination
that the pixel in the interpolated video frame is not a back-
ground pixel, the value of the pixel in the interpolated video
frame based at least in part on application of a nonlocal means
filter to the first video frame and the second video frame.

The present disclosure also describes various example
machine-readable non-transitory storage medium having
stored therein instructions that, when executed by one or
more processors, operatively enable a de-interlacing tool to
estimate a first progressive scan video frame based at least in
parton an interlaced video frame from an interlaced video and
generate a second progressive scan video frame based at least
in part on application of a nonlocal means filter to the esti-
mated first progressive scan video frame.

Alternatively or additionally detailed herein are various
example machine readable non-transitory storage medium
having stored therein instructions that, when executed by one
or more processors, operatively enable a frame rate up-con-
version (FRUC) tool to insert an interpolated video frame
between a first video frame and a second video frame of a
digital video, determine, for each pixel in the interpolated
video frame, whether the pixel is a background pixel based at
least in part on pixels in the first video frame and pixels in the
second video frame, set, in response to determination that the
pixel in the interpolated video frame is a background pixel, a
value of the pixel in the interpolated video frame based at least
in part on a value of a corresponding pixel in the first video
frame and a value of a corresponding pixel in the second video
frame, and set, in response to determination that the pixel in
the interpolated video frame is not a background pixel, the
value of the pixel in the interpolated video frame based at least
in part on application of a nonlocal means filter to the first
video frame and the second video frame.

The present disclosure additionally describes example sys-
tems for de-interlacing an interlaced digital video. Example
systems may include a processor, a de-interlacing tool com-
municatively coupled to the processor, the de-interlacing tool
including a frame estimation module configured to estimate a
first progressive scan video frame based at least in part on an
interlaced video frame from an interlaced video, and a filter
module coupled to the frame estimation module and config-
ured to generate a second progressive scan video frame based
at least in part upon applying a nonlocal means filter to the
estimated first progressive scan video frame.

Alternatively or additionally detailed herein are example
systems for up-converting the frame rate of a digital video.
Example systems may include a processor and a frame rate
up-conversion (FRUC) tool communicatively coupled to the
processor, the FRUC tool configured to insert an interpolated
video frame between a first video frame and a second video
frame of the video. The FRUC tool including a background
determination module configured to determine, for each pixel
in the interpolated video frame, whether the pixel is a back-
ground pixel based at least in part upon the pixels in the first
video frame and the pixels in the second video frame. The
FRUC tool further including a filter module coupled to the
determination module and configured to set, in response to
determination that the pixel in the interpolated video frame is
a background pixel, a value of the pixel in the interpolated
video frame based at least in part on a value of a correspond-
ing pixel in the first video frame and a value of the corre-
sponding pixel in the second video frame, the filter module is
further configured to set, in response to determination that the
pixel in the interpolated video frame is not a background
pixel, the value of the pixel in the interpolated video frame
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based at least in part on application of a nonlocal means filter
to the first video frame and the second video frame.

The foregoing summary is illustrative only and not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description, which are also illustrative only and not intended
to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

Subject matter is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The
foregoing and other features of the present disclosure will
become more fully apparent from the following description
and appended claims, taken in conjunction with the accom-
panying drawings. Understanding that these drawings depict
only several embodiments in accordance with the disclosure,
and are therefore, not to be considered limiting of its scope.
The disclosure will be described with additional specificity
and detail through use of the accompanying drawings.

In the drawings:

FIG. 1 illustrates a block diagram of an example digital
video;

FIG. 2 illustrates a block diagram of an example de-inter-
lacing tool;

FIG. 3 illustrates a flow chart of an example method for
de-interlacing an interlaced digital video;

FIG. 4 illustrates a block diagram of an example estimated
de-interlaced digital video;

FIG. 5 illustrates a block diagram of an example frame rate
up-conversion (FRUC) tool;

FIG. 6 illustrates a flow chart of an example method for
up-converting the frame rate of a digital video;

FIG. 7 illustrates an example computer program product;

FIG. 8 illustrates a block diagram of an example computing
device, all arranged in accordance with at least some embodi-
ments of the present disclosure.

DETAILED DESCRIPTION

The following description sets forth various examples
along with specific details to provide a thorough understand-
ing of the present disclosure. The various embodiments may
be practiced without some or more of the specific details
disclosed herein. Further, in some circumstances, well-
known methods, procedures, systems, components and/or
circuits have not been described in detail, for the sake of
brevity and clarity.

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter pre-
sented here. The aspects of the present disclosure, as gener-
ally described herein, and illustrated in the Figures, can be
arranged, substituted, combined, and designed in a wide vari-
ety of different configurations, all of which are explicitly
contemplated and made part of this disclosure.

This disclosure is drawn, inter alia, to methods, devices,
systems and computer readable media related to de-interlac-
ing an interlaced digital video. Additionally, the present dis-

20

25

30

35

40

45

50

55

60

65

4

closure is drawn, inter alia, to methods, devices, systems and
computer readable media related to up-converting the frame
rate of a digital video.

De-Interlacing

In general, an interlaced digital video may include a num-
ber of frames, with each frame captured at succeeding time
periods. For example, FIG. 1 illustrates a block diagram of an
exemplary digital video 100, arranged in accordance with at
least some embodiments of the present disclosure. As
depicted, the digital video 100 includes frames 110, 120, and
130, captured at respective times t0, t1, and t2. Each frame in
an interlaced digital video may include either even or odd
lines of resolution, with alternating frames containing oppo-
site lines of resolution. For example, assuming the digital
video 100 represented an interlaced digital video, the frame
110 may contain even lines of resolution, the frame 120 may
contain odd lines of resolution, and the frame 130 may con-
tain even lines of resolution. Each of the lines of resolution in
the frames 110, 120, and/or 130 may include a number of
pixels. However, the pixels are not represented in FIG. 1 for
clarity and simplicity of presentation.

Rendering an interlaced digital video (e.g., on a television,
on a computer display, by a projector, or the like) may include
displaying the lines of resolution from consecutive frames.
For example, the lines of resolution from frame 110 may be
displayed, followed by the lines of resolution from frame 120,
followed by the lines of resolution from frame 130, and so
forth.

Conversely, progressive scan digital video may include a
number of frames that each includes both the even and odd
lines of resolution, where each frame is captured at succeed-
ing points in time. Referencing the frames 110, 120, and 130
depicted in FIG. 1 again, assuming the digital video 100
represented a progressive scan digital video, each of the
frames 110, 120, and 130 may include both the even and odd
lines of resolution (and corresponding pixels).

Some displays (e.g., LCDs. HDTVs, and computer moni-
tors, digital projectors, or the like) may not be capable of
rendering interlaced digital video. Instead, such displays may
only be capable of rendering progressive scan digital video.
Accordingly, in order to make an interlaced digital video
compatible with such displays, the interlaced digital video
may be “de-interlaced.” In general, de-interlacing an inter-
laced digital video includes generating a de-interlaced frame
having both even and odd lines of resolution for each frame of
the interlaced digital video. Conventional techniques for de-
interlacing an interlaced digital video may result in move-
ment artifacts being represented in the de-interlaced digital
video frame. This may be manifest as a flicker (also referred
to as combing) in the de-interlaced digital video when it is
displayed.

Various embodiments of the present disclosure may be
provided to de-interlace an interlaced digital video. Other-
wise stated, an interlaced digital video may be de-interlaced,
based on various embodiments of the present disclosure, by
generating de-interlaced digital video frames from the inter-
laced digital video frames. The following example is pro-
vided for illustrative purposes only, and like all other
examples provided herein, is not intended to be limiting. A
de-interlacing tool may be configured, based on at least some
embodiments of the present disclosure, to generate de-inter-
laced digital video frames from interlaced digital video
frames. The de-interlacing tool may estimate a de-interlaced
digital video frame from an interlaced digital video frame.
For example, the de-interlacing tool may apply an edge-based
line averaging method to an interlaced digital video frame to
generate an estimated de-interlaced digital video frame. The
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de-interlacing tool may then initialize a non-local means
(NLM) filter based on the estimated de-interlaced digital
video frame. For example, values of the pixels represented in
the estimated de-interlaced digital video frame may be used
to initialize weights in the NLM filter. The de-interlacing tool
may then generate a de-interlaced digital video frame by
applying the NLM filter to the interlaced digital video frame.
For example, the de-interlacing tool may receive as input the
interlaced digital video frame, apply the interlaced digital
video frame to the NLM filter to determine the missing lines
of resolution (e.g., either the even lines or the odd lines), and
output the de-interlaced digital video. As a result, a de-inter-
laced digital video frame including both even and odd lines of
resolution may be generated.

FIG. 2 illustrates a block diagram of an example de-inter-
lacing tool 200 that may be provided to generate a de-inter-
laced digital video from an interlaced digital video, arranged
in accordance with at least some embodiments of the present
disclosure.

As depicted, the de-interlacing tool 200 may be configured
to generate a de-interlaced digital video 210 from an inter-
laced digital video 220. The interlaced digital video 220 is
shown including frames 222, 224, and 226. Similarly, the
de-interlaced digital video 210 is shown including frames
212, 214, and 216. A digital video (e.g., the de-interlaced
digital video 210, and/or the interlaced digital video 220) may
include any number of frames.

In general, the de-interlacing tool 200 may take as input the
interlaced digital video 220 and output the de-interlaced digi-
tal video 210. The de-interlacing tool 200 may include a
frame estimation module 230. The frame estimation module
230 may be configured to generate an estimated de-interlaced
digital video frame (EDIDVF) 232 from one or more frames
(e.g., the frames 222, 224, and/or 226) of the interlaced digital
video 220. Additionally, the de-interlacing tool 200 may
include a filter module 240 having a NLM filter 242. The filter
module 240 may be configured to initialize the NLM filter
242 from the EDIDVF 232 and apply the initialized NLM
filter 242 to a frame (e.g., the frame 222, 224, or 226) of the
interlaced digital video 220 to generate a frame (e.g., the
frame 212, 214, or 216) of the de-interlaced digital video 210.
The various illustrated elements (e.g., the frame estimation
module 230, the filter module 240, the NLM filter 242, and/or
other components) of the de-interlacing tool 200 may be
operatively or communicatively coupled to each other, so as
to perform their operations described herein.

FIG. 3 illustrates a flow chart of an example method 300 for
de-interlacing an interlaced digital video, arranged in accor-
dance with at least some embodiments of the present disclo-
sure. This figure employs block diagrams to illustrate the
example methods detailed therein. These block diagrams may
set out various functional blocks or actions that may be
described as processing steps, functional operations, events
and/or acts, etc., and may be performed by hardware, soft-
ware, firmware, and/or combination thereof, and need not
necessarily be performed in the exact order shown. Numerous
alternatives or additions to the functional blocks detailed
(and/or combinations thereof) may be practiced in various
implementations. For example, intervening actions not
shown in the figures and/or additional actions not shown in
the figures may be employed and/or some of the actions
shown in the figures may be eliminated. In some examples,
the actions shown in one figure may be operated using tech-
niques discussed with respect to another figure. Additionally,
in some examples, the actions shown in these figures may be
operated using parallel processing techniques. The above
described and other rearrangements, substitutions, changes,
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modifications, etc., may be made without departing from the
scope of claimed subject matter.

Additionally, FIG. 3 is described with reference to ele-
ments of the de-interlacing tool 200 tool 200 depicted in FIG.
2. However, the described embodiments are not limited to this
depiction. More specifically, some elements depicted in FIG.
2 may be omitted from example implementations of the meth-
ods detailed herein. Additionally, other elements not depicted
in FIG. 2 may be used to implement example methods.

Turning now to the method 300 and FIG. 3, beginning at
block 310, “Estimate a First Progressive Scan Video Frame”,
the frame estimation module 230 may include logic and/or
features configured to generate the EDIDVF 232 from the
interlaced digital video 220. More particularly, at block 310,
the frame estimation module 230 may estimate values for the
pixels in the missing lines of resolution for a frame (e.g., the
frame 222, 224, or 226) of the interlaced digital video 220.
For example, assuming the frame 222 included even lines of
resolution, the frame estimation module 230 may estimate
values of the pixels for the odd lines of resolution in the frame
222.

In some embodiments, the frame estimation module 230
may generate the EDIDVF 232 using an edge-based line
averaging technique. With some embodiments, the frame
estimation module 230 may estimate the value of the pixels
corresponding to the missing lines of resolution by interpo-
lating the pixel values based on a number of interpolation
directions. For example, turning to FIG. 4, FIG. 4 illustrates a
block diagram of an example estimated de-interlaced digital
video 400, arranged in accordance with at least some embodi-
ments of the present disclosure. As depicted, the estimated
de-interlaced digital video 400 may include a first frame 410
having pixels 412, a second frame 420 having pixels 422, and
a third frame 430 having pixels 432. As further depicted, the
frames 410, 420, and 430 respectively, are captured at times
t-1,t, and t+1.

As stated, at block 310, the frame estimation module 230
may estimate the value of the missing pixels by interpolating
the values based on a number of different interpolation direc-
tions. For example, the frame estimation module 230 may
estimate the value of the pixel 4227 in the frame 422 based on
the values of the pixels 412n, 4225, and 4327 shown in FIG.
4. As depicted, eight different interpolation directions (indi-
cated by arrows) are shown between the pixel 422i and the
pixels 412n, 422n, and 432n. Accordingly, the frame estima-
tion module may determine which one or more of these direc-
tions to use to interpolate the value of the pixel 422i.

For example, letting the missing pixel 4227 (also referred to
as the interlaced pixel) be represented as g(i.j,t), the differ-
ences of the direction may be expressed as follows, where
{1,2,3,4,5}correspond to the directions depicted between the
pixels 422r in FIG. 4 and {6,7,8 }correspond to the directions
depicted between the pixels 4127 and 432n.

d (n)=Ig(i-1,j-m,0)-g(i+1 j+m,0)|,ne{1,2,3,4,5},
me{0+1,£2}

d (n)=Ig(i,j-m,t=1)-g(ij+m,t+1)|,ne{6,7,8},me{0x1}

Additionally, the frame estimation module may consider the
pixels above and below the pixel being estimated. For
example, the following equations may be used to determine a
particular or best direction for interpolation of the pixels
above the pixel being interpolated.

d (n)=1g(i-2,j-m,0)-g(i,j+m,1)| ne{1,2,3,4,5}, me{0x1,

£2}

d (n)=Ig(i-1,j-m,1-1)-g(i-1,j+m,t+1)l,ne{6,7,8},
me{0£1}

Bestl=argmin,_,,gld,,(n)-g(i-1,,2)!
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Similarly, the following equations may be used to deter-
mine a particular or best direction for interpolation of the
pixels below the pixel being interpolated.

d (n)=1g(i,j-m,1)-g(i+2,j+m,1)|,ne{1,2,3,4,5},me{0=1,

2}
d (n)=1g(i+1,j-m,t=1)-g(i+1,j+m,t+1)|,ne{6,7,8},
me{0x1}

Bestl=argmin,_,_gld,(n)-g(i+1,j,2)!

In some examples, the frame estimation module may deter-
mine whether the minimum difference in directions is tem-
poral (e.g., d_(6), d_(7), or d (8)) and whether a particular or
best direction for at least one of the pixels above or below the
pixel 422i is also temporal. The frame estimation module 230
may determine the value of the pixel 422/ using the interpo-
lation direction with the determined minimum difference
based on the determination that the direction with the mini-
mum difference is temporal and that a particular or best
direction for at least one of the above or below pixels is also
temporal.

Additionally, the frame estimation module 230 may deter-
mine whether the minimum difference in directions from
directions {1,2,3,4,5} is near horizontal (e.g., d (4), or d(5)).
The frame estimation module 230 may determine the value of
the pixel 422 using the interpolation direction with the deter-
mined minimum difference from directions {1,2,3,4,5} based
on the determination that the direction with the minimum
difference is not near horizontal.

Additionally, the frame estimation module 230 may deter-
mine whether a particular or best direction for interpolation of
both the above and below pixels is near horizontal. The frame
estimation module 230 may determine the value of the pixel
422i using the interpolation direction with the determined
minimum difference from directions {1,2,3,4,5} based on the
determination that the direction with the minimum difference
is near horizontal and that a particular or best direction for
interpolation of the above and below pixels is also near hori-
zontal. The frame estimation module 230 may determine the
value of the pixel 422/ using the interpolation direction with
the determined minimum difference from directions {1,2,3,
4,5} based on the determination that the direction with the
minimum difference is near horizontal and that a particular or
best direction for interpolation of the pixels above and below
the pixel 422 is not near horizontal.

In some examples, the frame estimation module 230 may
determine whether the minimum difference in direction for
the pixel 422i is near horizontal (e.g. d.(4), or d.(5)). The
frame estimation module 230 may additionally determine
whether a particular or best direction for interpolation of
pixels above and below the pixel 422 is also near horizontal.
The frame estimation module 230 may determine the value of
the pixel 422 using the interpolation direction with the deter-
mined minimum difference based on the determination that
the direction with the minimum difference is near horizontal
and a particular or best direction for the above and below
pixels is also near horizontal.

Additionally, the frame estimation module 230 may deter-
mine whether the minimum difference in directions from
directions {1,2,3,6,7,8} is temporal. The frame estimation
module 230 may determine the value of the pixel 422i using
the interpolation direction with the determined minimum dif-
ference from directions {1,2,3,6,7,8} based on the determi-
nation that the direction with the minimum difference is not
temporal.

Additionally, the frame estimation module 230 may deter-
mine whether a particular or best direction for interpolation of
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either one of the pixels above or below the pixel 422i is near
temporal. The frame estimation module 230 may determine
the value of the pixel 422/ using the interpolation direction
with the determined minimum difference from directions
{1,2,3,6,7,8} based on the determination that the direction
with the minimum difference is temporal and that a particular
or best direction for interpolation of either of the above or
below pixels is also temporal. The frame estimation module
230 may determine the value of the pixel 422i using the
interpolation direction with the determined minimum difter-
ence from directions {1,2,3,6,7,8} based on the determina-
tion that the direction with the minimum difference is tem-
poral and that a particular or best direction for interpolation of
the pixels above and below the pixel 422i is not temporal.

Continuing from block 310 to block 320, “Generate a
Second Progressive Scan Video Frame Based Upon the First
Progressive Scan Video Frame”, the filter module 240 may
include logic and/or features configured to generate a de-
interlaced digital video frame by applying a NLM filter to an
interlaced digital video frame. For example, the filter module
240 may initialize weights in the NLM filter 242 based on the
EDIDVF 232 and apply initialized NLM filter 242 to the
interlaced digital video frame (e.g., the frame 222, 224, or
226) to generate a de-interlaced digital video frame (e.g. the
frame 212, 214, or 216).

In some embodiments, the filter module 240 may be con-
figured to apply a locally adaptive NLM filter to an interlaced
digital video frame. For example, the NLM filter 242 may be
a locally adaptive NLM filter. The NLLM filter 242 may use a
similarity window to adapt to different regions in the inter-
laced digital video frame where a pixel value is being inter-
polated. In further examples, a kernel matrix (also referred to
as a “steering kernel”) may be used to determine the “size” of
the similarity window. For example, the kernel matrix may
assign weights to every pixel in the similarity window. In
some embodiments, the kernel matrix may use a symmetric
function (e.g., Gaussian, exponential, or the like) to assign a
weight to each pixel in the similarity window, with pixels
closer to the central region of the similarity window having
higher weight values than pixels further from the central
region of the similarity window. As a result, the effective size
of the similarity window may be adjusted.

In some embodiments, the filter module 240 may deter-
mine the steering kernel for the NLM filter 242 based on the
following

G| d(i, ) dy(i, p|=Usvl

Where G (local gradient matrix) is an L?x2 matrix, d (.) and
d,(.) are the first derivatives along the x and y directions, and
USV7 is the singular value decomposition of G. Using the
following definitions for the derivatives:

L) =(g(i+1)-g(ij-1))2

d,(i.))=(8(i-1,/)-g(i+1,7))/2
where g(i,j) is the pixel intensity value of the ith row and jth
column of the EDIDVF 232.
The dominant orientation angle (®) may be determined based

on the following, where the second column of V is v,=[v,,
v~
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The elongation parameter (0) may be determined based on

the following, where s, and s, are diagonal elements of S.

51+1
o=
sy + 1

The scaling factor (y) may be determined based on the fol-
lowing, where the size of the similarity window is L=2xf+1.

12
Vsysp +0.01

The Gaussian kernel matrix may be determined based on the
following.

K = [k(i, )]

-

kG, )= exp[— >
7 =(—-f-1cos®+(j— f - 1)sin®
J =(j—f —1Dcos® —(i— f — 1)sin®

In some embodiments, the filter module 240 may deter-
mine the weights (w) of the NLM filter 242 based on the
following equation.

1 _AWNmNy)
W(C(Nm,Nn))=%€ #?

L L
N N = ) D k(i YNy )= Nyl )

In some embodiments, the filter module 240 may determine
the value of the pixel 422i based on the following equation
where g(m) is the pixel with original value in search space (s).

F =" wc, Nagim)

meS

In some embodiments, the filter module 240 may be con-
figured to apply the NLM filter 242 to a frame of an interlaced
digital video using a search space containing pixels from the
current, previous, and next frame.

In some embodiments, the filter module 240 may be con-
figured to apply the NLM filter 242 to a frame of an interlaced
digital video such that the pixels whose neighborhood radio-
metric distance is substantially larger than the smallest neigh-
borhood radiometric distance are ignored.
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Frame Rate Up-Conversion

Digital videos may include a number of frames. Displaying
the digital video may include rendering the frames in suc-
ceeding increments (e.g., a set number of frames per second,
or the like). The number of frames to be viewed per second
may be referred to as the frame rate or frequency. Some digital
videos may be recorded, encoded, or sampled at less than 100
Hz. For example, many digital videos used for viewing tele-
vision programs may have a frame rate of between 24 and 60
Hz. Additionally, the frame rate of a digital video may be
down-sampled to reduce the bandwidth required to transmit
or store the digital video.

Some displays (e.g., some high-definition (HD) displays)
may have a display frequency of 100 Hz or more. As such, the
frame rate of some digital videos may be increased (referred
to as “frame rate up-conversion”) in order to make the digital
video compatible with some displays. Additionally, the frame
rate of a digital video may be increased (“up-converted”) to
increase the visual quality of the digital video. Additionally,
the frame rate of a digital video may be up-converted to
compensate for any down sampling that may have taken place
prior to transmission of the digital video.

Various embodiments of the present disclosure may be
provided to up-convert the frame rate of a digital video. The
following example is provided for illustrative purposes only,
and like all other examples provided herein, is not intended to
be limiting. A frame rate up-conversion (FRUC) tool may be
configured, based on at least some embodiments of the
present disclosure, to generate an interpolated digital video
frame to be inserted between a first digital video frame and a
second digital video frame ofa digital video. Additionally, the
FRUC tool may determine, for each pixel in the interpolated
digital video frame, whether the pixel is a background pixel.
For example, the FRUC tool may determine whether a pixel is
a background pixel using background subtraction. Addition-
ally, the FRUC tool may determine whether the correspond-
ing pixel in the first video frame and the corresponding pixel
in the second video frame have substantially the same value.
The FRUC tool may set the value of the pixel substantially
equal to the value of the corresponding pixel in the first and
second video frame based on the determination that the pixel
is a background pixel and the value of the corresponding
pixels in the first and second video frames are substantially
the same.

The FRUC tool may determine the value of remaining
pixels in the interpolated digital video frame (e.g., value of the
pixel is set based on the determination that the pixel is a
background pixel and the value of the corresponding pixels in
the first and second video frames are substantially the same)
based on applying a NLM filter to the first digital video frame
and the second digital video frame.

FIG. 5illustrates a block diagram of an example FRUC tool
500 that may be provided to up-convert the frame rate of a
digital video, arranged in accordance with at least some
embodiments of the present disclosure.

As depicted, the FRUC tool 500 may be configured to
generate an up-converted digital video 510 from a digital
video 520. The digital video 520 is shown including a first
frame 522 and a second frame 524. The up-converted digital
video 510 is shown including the first frame 522, the second
frame 524, and an interpolated frame 512 inserted between
the first frame 522 and the second frame 524. A digital video
(e.g., the digital video 520) may include any number of
frames and that the FRUC tool 500 may be configured to
insert a frame between any two frames in a digital video, or
even multiple frames between any two frames in some
embodiments.
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In general, the FRUC tool 500 may take as input the digital
video 520 and output the up-converted digital video 510. The
FRUC tool 500 may include a background determination
module 530. The background determination module 530 may
be configured to determine whether the pixels in the interpo-
lated frame 512 are “background” pixels. For example, the
background determination module 530 may apply back-
ground subtraction to the frames 522 and 524 to determine
whether the pixels in the interpolated frame 512 are back-
ground pixels. Additionally, the background determination
module may be configured to determine whether correspond-
ing pixels in the first video frame 522 and the second video
frame 524 have substantially the same value. The background
determination module 530 may be configured to set the value
of a pixel in the interpolated video frame 512 to be substan-
tially equal to the value of the corresponding pixels in the first
video frame 522 and the second video frame 524 based on the
determination that the pixel is a background pixel and that the
corresponding pixels in the first video frame 522 and the
second video frame 524 have substantially the same value.

Additionally, the FRUC tool 500 may include a filter mod-
ule 540 having a NLM filter 542. The filter module 540 may
be configured to determine the value of pixels in the interpo-
lated video frame 512 based on applying the NLM filter 542
to the first video frame 522 and the second video frame 524.
The various illustrated elements (e.g., the background deter-
mination module 530, the filter module 540, the NLM filter
542, and/or other components) of the FRUC tool 500 may be
operatively or communicatively coupled to each other in
some embodiments.

FIG. 6 illustrates a flow chart of an example method 600 for
up-converting the frame rate of a digital video, arranged in
accordance with at least some embodiments of the present
disclosure. This figure employs block diagrams to illustrate
the example methods detailed therein. These block diagrams
may set out various functional blocks or actions that may be
described as processing steps, functional operations, events
and/or acts, etc., and may be performed by hardware, soft-
ware, firmware, and/or combination thereof, and need not
necessarily be performed in the exact order shown. Numerous
alternatives or additions to the functional blocks detailed
(and/or combinations thereof) may be practiced in various
implementations. For example, intervening actions not
shown in the figures and/or additional actions not shown in
the figures may be employed and/or some of the actions
shown in the figures may be eliminated. In some examples,
the actions shown in one figure may be operated using tech-
niques discussed with respect to another figure. Additionally,
in some examples, the actions shown in these figures may be
operated using parallel processing techniques. The above
described and other rearrangements, substitutions, changes,
modifications, etc. may be made without departing from the
scope of claimed subject matter.

Additionally, FIG. 6 is described with reference to ele-
ments of the FRUC tool 500 depicted in FIG. 5. However, the
described embodiments are not limited to this depiction.
More specifically, some elements depicted in FIG. 5 may be
omitted from example implementations of the methods
detailed herein. Additionally, other elements not depicted in
FIG. 5 may be used to implement example methods.

Turning now to the method 600 and FIG. 6, beginning at
block 610. “Insert an Interpolated Video Frame Between a
First Video Frame and a Second Video Frame”, the FRUC tool
500 may include logic and/or features configured to generate
the up-converted digital video 510 including the interpolated
video frame 512 inserted between the first video frame 522
and the second video frame 524.
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Continuing from block 610 to block 620, “Determine
Whether a Pixel in the Interpolated Video Frame is a Back-
ground Pixel”, the background determination module 530
may include logic and/or features configured to determine
whether a pixel in the interpolated digital video frame 512 is
a background pixel.

In some embodiments, the background determination
module 530 may subtract the background pixels of the first
video frame 522 from the background pixels in the second
video frame 524. For example, the background determination
module 530 may determine an average (e.g., using a Gaussian
mixture model, or the like) of the background pixels in the
first video frame 522 and subtract the average from the back-
ground pixels in the second video frame 524. The background
determination module 530 may classify the remaining pixels
as foreground pixels and any unclassified pixels as back-
ground pixels. In some embodiments, the background deter-
mination module may classify a pixel in the interpolated
video frame 512 as a background pixel based on the determi-
nation that the corresponding pixel in the first video frame
522 and the corresponding pixel in the second video frame
524 are background pixels.

Continuing from block 620 to block 630, “Set the Value of
a Background Pixel Based on the Value of the Corresponding
Pixels in the First Video Frame and the Second Video Frame”,
the background determination module 530 may include logic
and/or features configured to set the value of a pixel classified
as a background pixel based on the value of the corresponding
pixel in the first video frame 522 and the corresponding pixel
in the second video frame 524.

In some embodiments, the background determination
module 530 may be configured to determine whether the
value of the corresponding pixel in the first video frame 522
and the value of the corresponding pixel in the second video
frame 524 are substantially the same. The background deter-
mination module 530 may be configured to set the value of the
pixel classified as a background pixel in the interpolated
video frame 512 based on the determination that the value of
the corresponding pixel in the first video frame 522 and the
value of the corresponding pixel in the second video frame
524 are substantially the same.

Continuing from block 630 to block 640, “Set the Value of
the Unset Pixels Based on Applying a NLM Filter to the First
Video Frame and the Second Video Frame”, the filter module
540 may include logic and/or features configured to set the
value of an unset pixel in the interpolated video frame 512
based on applying the NLM filter 542 to the first video frame
522 and the second video frame 524.

In some embodiments, the filter module 540 may be con-
figured to apply the NLM filter 542 to the first video frame
522 and the second video frame 524 based on a number of
search regions (referred to as a “patches”). The filter module
540 may initialize the weights in the NLM filter 542 based on
the pixels in the patches. In some examples, the filter module
540 may determine if the central pixel in a patch is classified
as a background pixel. The filter module 540 may be config-
ured to not include the patch when initializing the weights of
the NLM filter 542 based on the determination that the central
pixel in the patch is a background pixel.

In some embodiments, the filter module 540 may be con-
figured to determine the value of pixels in the interpolated
video frame 512 based on the following equation, where N,
is the patch in the first video frame 522 and N, is a temporally
symmetric patch in the second video frame 524, and y(p1),
y(p2) are the central pixels in the patches.
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Fo =Y Wi, Npa)y(p1) + ¥(p2)) /2

meT

The weights (w) of the NLM filter 542 may be determined
based on the following equation.

In some embodiments, the filter module 540 may be con-
figured to apply the NLM filter 242 to the first video frame
522 and the second video frame 524 such that the patches
whose radiometric distance is substantially larger than the
smallest radiometric distance are ignored.

In some embodiments, the method described with respect
to FIGS. 3, 6, and elsewhere herein may be implemented as a
computer program product, executable on any suitable com-
puting system, or the like. For example, a computer program
product for facilitating fail-safe licensing of a software appli-
cation may be provided. Example computer program prod-
ucts are described with respect to FIG. 7 and elsewhere
herein.

FIG. 7 illustrates an example computer program product
700, arranged in accordance with at least some embodiments
of'the present disclosure. The computer program product 700
may include a machine-readable non-transitory medium hav-
ing stored therein a plurality of instructions that, when
executed (such as by one or more processors), operatively
enable a de-Interlacing tool and/or a FRUC tool to de-inter-
lace an interlaced digital video or up-convert the frame rate of
adigital video according to the embodiments of the processes
and methods discussed herein. The computer program prod-
uct 700 of one embodiment may include a signal bearing
medium 702. The signal bearing medium 702 may include
one or more machine-readable instructions 704, which, when
executed by one or more processors, may operatively enable
a computing device to provide the functionality described
herein. In various examples, the devices discussed herein may
use some or all of the machine-readable instructions.

In some examples, the machine-readable instructions 704
may include estimating, on a computing device, a first pro-
gressive scan video frame based at least in part on an inter-
laced video frame from the interlaced video. In some
examples, the machine-readable instructions 704 may
include generating a second progressive scan video frame
based at least in part on application of a nonlocal means filter
to the estimated first progressive scan video frame.

In some examples, the machine-readable instructions 704
may include inserting, by a computing device, an interpolated
video frame between a first video frame and a second video
frame of the video. In some examples, the machine-readable
instructions 704 may include determining, for each pixel in
the interpolated video frame, whether the pixel is a back-
ground pixel based at least in part on pixels in the first video
frame and pixels in the second video frame. In some
examples, the machine-readable instructions 704 may
include setting, in response to determination that the pixel in
the interpolated video frame is a background pixel, a value of
the pixel in the interpolated video frame based at least in part
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ona value of a corresponding pixel in the first video frame and
avalue of a corresponding pixel in the second video frame. In
some examples, the machine-readable instructions 704 may
include setting, in response to determination that the pixel in
the interpolated video frame is not a background pixel, the
value of the pixel in the interpolated video frame based at least
in part on application of a nonlocal means filter to the first
video frame and the second video frame.

In some implementations, signal bearing medium 702 may
encompass a computer-readable medium 706, such as, but not
limited to, a hard disk drive, a Compact Disc (CD), a Digital
Versatile Disk (DVD), a digital tape, memory, etc. In some
implementations, the signal bearing medium 702 may
encompass a recordable medium 708, such as, but not limited
to, memory, read/write (R/W) CDs, R/'W DVDs, etc. In some
implementations, the signal bearing medium 702 may
encompass a communications medium 710, such as, but not
limited to, a digital and/or an analog communication medium
(e.g., afiber optic cable, a waveguide, a wired communication
link, a wireless communication link, etc.). In some examples,
the signal bearing medium 702 may encompass a machine
readable non-transitory medium.

In general, at least some embodiments of the method
described with respect to FIGS. 3, 6, and elsewhere herein
may be implemented in any suitable server and/or computing
system. Example systems may be described with respect to
FIG. 8 and elsewhere herein. In general, the computer system
may be configured to provide de-interlacing and frame rate
up-conversion as described herein.

FIG. 8 is a block diagram illustrating an example comput-
ing device 800, arranged in accordance with at least some
embodiments of the present disclosure. In various examples,
the computing device 800 may be configured to de-interlace
an interlaced digital video and/or up-convert the frame rate of
a digital video as discussed herein. In one example of a
configuration 801, the computing device 800 may include one
ormore processors 810 and a system memory 820. A memory
bus 830 can be used for communicating between the one or
more processors 810 and the system memory 820.

Depending on the particular configuration, the one or more
processors 810 may be of any type including but not limited
to a microprocessor (UP), a microcontroller (uC), a digital
signal processor (DSP), or any combination thereof. The one
or more processors 810 may include one or more levels of
caching, such as a level one cache 811 and a level two cache
812, a processor core 813, and registers 814. The processor
core 813 can include an arithmetic logic unit (ALU), a float-
ing point unit (FPU), a digital signal processing core (DSP
Core), or any combination thereof. A memory controller 815
can also be used with the one or more processors 810, or in
some implementations the memory controller 815 can be an
internal part of the processor 810.

Depending on the particular configuration, the system
memory 820 may be of any type including but not limited to
volatile memory (such as RAM), non-volatile memory (such
as ROM, flash memory, etc.) or any combination thereof. The
system memory 820 may include an operating system 821,
one or more applications 822, and program data 824. The one
or more applications 822 may include a de-interlacing and/or
FRUC application 823 that can be arranged to perform the
functions, actions, and/or operations as described herein
including the functional blocks, actions, and/or operations
described herein. The program data 824 may include video,
frame, and/or pixel data 825 (and also including values for the
variables in the equations discussed above) for use with the
de-interlacing and/or FRUC application 823. In some
example embodiments, the one or more applications 822 may
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be arranged to operate with the program data 824 on the
operating system 821. This described configuration 801 is
illustrated in FIG. 8 by those components within dashed line.

The computing device 800 may have additional features or
functionality, and additional interfaces to facilitate commu-
nications between the configuration 801 and any other
devices and interfaces. For example, a bus/interface control-
ler 840 may be used to facilitate communications between the
configuration 801 and one or more data storage devices 850
via a storage interface bus 841. The one or more data storage
devices 850 may be removable storage devices 851, non-
removable storage devices 852, or a combination thereof.
Examples of removable storage and non-removable storage
devices include magnetic disk devices such as flexible disk
drives and hard-disk drives (HDD), optical disk drives such as
compact disk (CD) drives or digital versatile disk (DVD)
drives, solid state drives (SSD), and tape drives to name a few.
Example computer storage media may include volatile and
nonvolatile, removable and non-removable media imple-
mented in any method or technology for storage of informa-
tion, such as computer readable instructions, data structures,
program modules, or other data.

The system memory 820, the removable storage 851 and
the non-removable storage 852 are all examples of computer
storage media. The computer storage media includes, but is
not limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other medium which may be used to store information
and which may be accessed by the computing device 800.
Any such computer storage media may be part of the com-
puting device 800.

The computing device 800 may also include an interface
bus 842 for facilitating communication from various interface
devices (e.g., output interfaces, peripheral interfaces, and
communication interfaces) to the configuration 801 via the
bus/interface controller 840. Example output interfaces 860
may include a graphics processing unit 861 and an audio
processing unit 862, which may be configured to communi-
cate to various external devices such as a display or speakers
via one or more A/V ports 863. Example peripheral interfaces
870 may include a serial interface controller 871 or a parallel
interface controller 872, which may be configured to commu-
nicate with external devices such as input devices (e.g., key-
board, mouse, pen, voice input device, touch input device,
etc.) or other peripheral devices (e.g., printer, scanner, etc.)
via one or more 1/O ports 873. An example communication
interface 880 includes a network controller 881, which may
be arranged to facilitate communications with one or more
other computing devices 883 over a network communication
via one or more communication ports 882. A communication
connection is one example of a communication media. The
communication media may typically be embodied by com-
puter readable instructions, data structures, program mod-
ules, or other data in a modulated data signal, such as a carrier
wave or other transport mechanism, and may include any
information delivery media. A “modulated data signal” may
be a signal that has one or more of its characteristics set or
changed in such a manner as to encode information in the
signal. By way of example, and not limitation, communica-
tion media may include wired media such as a wired network
or direct-wired connection, and wireless media such as acous-
tic, radio frequency (RF), infrared (IR) and other wireless
media. The term computer readable media as used herein may
include both storage media and communication media.
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The computing device 800 may be implemented as a por-
tion of a small-form factor portable (or mobile) electronic
device such as a cell phone, a mobile phone, a tablet device, a
laptop computer, a personal data assistant (PDA), a personal
media player device, a wireless web-watch device, a personal
headset device, an application specific device, or a hybrid
device that includes any of the above functions. The comput-
ing device 800 may also be implemented as a personal com-
puter including both laptop computer and non-laptop com-
puter configurations. In addition, the computing device 800
may be implemented as part of a wireless base station or other
wireless system or device.

Some portions of the foregoing detailed description are
presented in terms of algorithms or symbolic representations
of operations on data bits or binary digital signals stored
within a computing system memory, such as a computer
memory. An algorithm is here, and generally, considered to be
a self-consistent sequence of operations or similar processing
leading to a particular result. In this context, operations or
processing involve physical manipulation of physical quan-
tities. Typically, although not necessarily, such quantities
may take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared or otherwise
manipulated. It has proven convenient at times, principally
for reasons of common usage, to refer to such signals as bits,
data, values, elements, symbols, characters, terms, numbers,
numerals or the like. However, all of these and similar terms
are to be associated with appropriate physical quantities and
are merely convenient labels. Unless specifically stated oth-
erwise, discussions utilizing terms such as “processing,”
“computing,” “calculating,” “determining” or the like refer to
actions or processes of a computing device, that manipulates
or transforms data represented as physical electronic or mag-
netic quantities within memories, registers, or other informa-
tion storage devices, transmission devices, or display devices
of the computing device.

The claimed subject matter is not limited in scope to the
particular implementations described herein. For example,
some implementations may be in hardware, such as employed
to operate ona device or combination of devices, for example,
whereas other implementations may be in software and/or
firmware. Likewise, although claimed subject matter is not
limited in scope in this respect, some implementations may
include one or more articles, such as a signal bearing medium,
a storage medium and/or storage media. This storage media,
such as CD-ROMs, computer disks, flash memory, or the like,
for example, may have instructions stored thereon, that, when
executed by a computing device, such as a computing system,
computing platform, or other system, for example, may result
in execution of a processor in accordance with the claimed
subject matter, such as one of the implementations previously
described, for example. As one possibility, a computing
device may include one or more processing units or proces-
sors, one or more input/output devices, such as a display, a
keyboard and/or a mouse, and one or more memories, such as
static random access memory, dynamic random access
memory, flash memory, and/or a hard drive.

There is little distinction left between hardware and soft-
ware implementations of aspects of systems; the use of hard-
ware or software is generally (but not always, in that in certain
contexts the choice between hardware and software can
become significant) a design choice representing cost vs.
efficiency tradeoffs. There are various vehicles by which pro-
cesses and/or systems and/or other technologies described
herein can be affected (e.g., hardware, software, and/or firm-
ware), and that the particular vehicle for implementation will
vary with the context in which the processes and/or systems
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and/or other technologies are deployed. For example, if an
implementer determines that speed and accuracy are para-
mount, the implementer may opt for a mainly hardware and/
or firmware vehicle; if flexibility is paramount, the imple-
menter may opt for a mainly software implementation; or, yet
again alternatively, the implementer may opt for some com-
bination of hardware, software, and/or firmware.

The foregoing detailed description has set forth various
embodiments of the devices and/or processes via the use of
block diagrams, flowcharts, and/or examples. Insofar as such
block diagrams, flowcharts, and/or examples contain one or
more functions and/or operations, each function and/or
operation within such block diagrams, flowcharts, or
examples can be implemented, individually and/or collec-
tively, by a wide range of hardware, software, firmware, or
virtually any combination thereof. In one embodiment, sev-
eral portions of the subject matter described herein may be
implemented via Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGAs), digital
signal processors (DSPs), or other integrated formats. How-
ever, some aspects of the embodiments disclosed herein, in
whole or in part, can be equivalently implemented in inte-
grated circuits, as one or more computer programs running on
one or more computers (e.g., as one or more programs run-
ning on one or more computer systems), as one or more
programs running on one or more processors (e.g., as one or
more programs running on one or more Microprocessors), as
firmware, or as virtually any combination thereof, and that
designing the circuitry and/or writing the code for the soft-
ware and/or firmware is possible in light of this disclosure. In
addition, the mechanisms of the subject matter described
herein are capable of being distributed as a program product
in a variety of forms, and that an illustrative embodiment of
the subject matter described herein applies regardless of the
particular type of signal bearing medium used to actually
carry out the distribution. Examples of a signal bearing
medium include, but are not limited to, the following: a
recordable type medium such as a flexible disk, a hard disk
drive (HDD), a Compact Disc (CD), a Digital Versatile Disk
(DVD), a digital tape, a computer memory, etc.; and a trans-
mission type medium such as a digital and/or an analog com-
munication medium (e.g., a fiber optic cable, a waveguide, a
wired communications link, a wireless communication link,
etc.).

The devices and/or processes are described in the manner
set forth herein, and thereafter engineering practices may be
used to integrate such described devices and/or processes into
data processing systems. That is, at least a portion of the
devices and/or processes described herein can be integrated
into a data processing system via a reasonable amount of
experimentation. A typical data processing system generally
includes one or more of'a system unit housing, a video display
device, a memory such as volatile and non-volatile memory,
processors such as microprocessors and digital signal proces-
sors, computational entities such as operating systems, driv-
ers, graphical user interfaces, and applications programs, one
or more interaction devices, such as a touch pad or screen,
and/or control systems including feedback loops and control
motors (e.g., feedback for sensing position and/or velocity;
control motors for moving and/or adjusting components and/
or quantities). A typical data processing system may be
implemented utilizing any suitable commercially available
components, such as those typically found in data computing/
communication and/or network computing/communication
systems.

The subject matter described herein sometimes illustrates
different components contained within, or connected with,
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different other components. Such depicted architectures are
merely exemplary, and that in fact many other architectures
can be implemented which achieve the same functionality. In
a conceptual sense, any arrangement of components to
achieve the same functionality is effectively “associated”
such that the particular functionality is achieved. Hence, any
two components herein combined to achieve a particular
functionality can be seen as “associated with” each other such
that the particular functionality is achieved, irrespective of
architectures or intermedial components. Likewise, any two
components so associated can also be viewed as being “oper-
ably connected”, or “operably coupled”, to each other to
achieve the particular functionality, and any two components
capable of being so associated can also be viewed as being
“operably couplable”, to each other to achieve the particular
functionality. Specific examples of operably couplable
include but are not limited to physically mateable and/or
physically interacting components and/or wirelessly inter-
actable and/or wirelessly interacting components and/or logi-
cally interacting and/or logically interactable components.

With respect to the use of substantially any plural and/or
singular terms herein, the terms may be translated from the
plural to the singular and/or from the singular to the plural as
is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth
herein for sake of clarity.

In general, terms used herein, and especially in the
appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including”
should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not
limited to,” etc.). If a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent is present. For example, as an aid to understanding, the
following appended claims may contain usage of the intro-
ductory phrases “at least one” and “one or more” to introduce
claim recitations. However, the use of such phrases should not
be construed to imply that the introduction of a claim recita-
tion by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to subject
matter containing only one such recitation, even when the
same claim includes the introductory phrases “one or more”
or “at least one” and indefinite articles such as “a” or “an”
(e.g., “a” and/or “an” should typically be interpreted to mean
“at least one” or “one or more”); the same holds true for the
use of definite articles used to introduce claim recitations. In
addition, even if a specific number of an introduced claim
recitation is explicitly recited, such recitation should typically
be interpreted to mean at least the recited number (e.g., the
bare recitation of “two recitations,” without other modifiers,
typically means at least two recitations, or two or more reci-
tations). Furthermore, in those instances where a convention
analogous to “at least one of A, B, and C, etc.” is used, in
general such a construction is intended in the sense generally
understood for the convention (e.g., “a system having at least
one of A, B, and C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B together,
A and C together, B and C together, and/or A, B, and C
together, etc.). In those instances where a convention analo-
gous to “at least one of A, B, or C, etc.”” is used, in general such
a construction is intended in the sense generally understood
for the convention (e.g., “a system having at least one of A, B,
or C” would include but not be limited to systems that have A
alone, B alone, C alone, A and B together, A and C together,
B and C together, and/or A, B, and C together, etc.). Virtually
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any disjunctive word and/or phrase presenting two or more
alternative terms, whether in the description, claims, or draw-
ings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms.
For example, the phrase “A or B” will be understood to
include the possibilities of “A” or “B” or “A and B.”

Reference in the specification to “an implementation,”
“one implementation,” “some implementations,” or “other
implementations” may mean that a particular feature, struc-
ture, or characteristic described in connection with one or
more implementations may be included in at least some
implementations, but not necessarily in all implementations.
The various appearances of “an implementation.” “one
implementation,” or “some implementations” in the preced-
ing description are not necessarily all referring to the same
implementations. Additionally, all of the above also applies
with respect to the various usages of the terms “embodiment™
or “embodiments.”

While certain exemplary techniques have been described
and shown herein using various methods and systems, various
other modifications may be made, and equivalents may be
substituted. Additionally, many modifications may be made
to adapt a particular situation to the teachings of claimed
subject matter without departing from the concept(s)
described herein. Therefore, it is intended that claimed sub-
jectmatter not be limited to the particular examples disclosed,
but that such claimed subject matter also may include all
implementations falling within the scope of the appended
claims, and equivalents thereof.

What is claimed is:

1. A method to up-convert a video, the method comprising:

inserting, by a computing device, an interpolated video

frame between a first video frame and a second video
frame of the video;

determining, for each pixel in the interpolated video frame,

whether the pixel is a background pixel based at least in
part on pixels in the first video frame and pixels in the
second video frame;

setting, in response to determination that the pixel in the

interpolated video frame is a background pixel, a value
of'the pixel in the interpolated video frame based at least
in part on a value of a corresponding pixel in the first
video frame and a value of a corresponding pixel in the
second video frame; and

setting, in response to determination that the pixel in the

interpolated video frame is not a background pixel, the
value of the pixel in the interpolated video frame based
atleastin part on application of a nonlocal means filter to
the first video frame and the second video frame;
wherein the setting, in response to determination that the
pixel in the interpolated video frame is a background
pixel, the value of the pixel in the interpolated video
frame based at least in part on the value of the corre-
sponding pixel in the first video frame and the value of
the corresponding pixel in the second video frame
includes:
determining whether the corresponding pixel in the first
video frame and the corresponding pixel in the second
video frame have a substantially same value;
setting, in response to determination that the corre-
sponding pixel in the first video frame and the corre-
sponding pixel in the second video frame have sub-
stantially the same value, the value of the pixel in the
interpolated video frame to be substantially equal to
either the value of the corresponding pixel in the first
video frame or the value of the corresponding pixel in
the second video frame; and
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setting, in response to determination that the corre-
sponding pixel in the first video frame and the corre-
sponding pixel in the second video frame do not have
substantially the same value, the value of the pixel in
the interpolated video frame based at least in part on
application of the nonlocal means filter to the first
video frame and the second video frame.

2. The method of claim 1, wherein the setting, in response
to determination that the pixel in the interpolated video frame
is not a background pixel, the value of the pixel in the inter-
polated video frame based at least in part on application of the
nonlocal means filter to the first video frame and the second
video frame includes:

identifying one or more patches of pixels in the first video

frame;

identifying one or more patches of pixels in the second

video frame, wherein the one or more patches of pixels
in the second video frame are temporally symmetric to
the one or more patches of pixels in the first video frame;
and

determining the value for the pixel in the interpolated video

frame based at least in part on a weighted average of a
value of pixels in the one or more patches of pixels in the
first video frame and a value of pixels in the one or more
patches of pixels in the second video frame.

3. The method of claim 1, wherein the setting, in response
to determination that the pixel in the interpolated video frame
is not a background pixel, the value of the pixel in the inter-
polated video frame based at least in part on application of the
nonlocal means filter to the first video frame and the second
video frame includes:

identifying a patch of pixels in the first video frame;

identifying a patch of pixels in the second video frame,

wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;

identifying a central pixel in the patch of pixels from the

first video frame;

determining whether the identified central pixel is a back-

ground pixel; and

determining the value for the pixel in the interpolated video

frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining the value for the pixel in the interpolated video
frame is further based at least in part on a weighted
average of a value of pixels in the patch of pixels in the
first video frame and a value of pixels in the patch of
pixels in the second video frame.

4. The method of claim 3, wherein the determining the
value for the pixel in the interpolated video frame, based on
the determining whether the identified central pixel is a back-
ground pixel, and wherein the determining a value for the
pixel in the interpolated video frame is based at least in part on
a weighted average of the value of the pixels in the patch of
pixels in the first video frame and the value of the pixels in the
patch of pixels in the second video frame include:

identifying a second central pixel in the patch of pixels

from the second video frame; and

determining an intensity distance based at least in part on

the identified central pixel and the identified second
central pixel;

wherein the determining the value for the pixel in the

interpolated video frame is further based at least in part
on the determined intensity distance.

5. The method of claim 1, wherein the determining, for
each pixel in the interpolated video frame, whether the pixel
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is a background pixel based at least in part on the pixels in the
first video frame and the pixels in the second video frame
includes:

identifying one or more pixels from the first video frame as

background pixels;

identifying one or more pixels from the second video frame

as background pixels; and

subtracting the one or more identified background pixels

from the first video frame from the one or more identi-
fied background pixels from the second video frame.
6. A machine readable non-transitory medium having
stored therein instructions that, in response to execution by
one or more processors, operatively enable a frame rate up-
conversion (FRUC) tool to:
insert an interpolated video frame between a first video
frame and a second video frame of the video;

determine, for each pixel in the interpolated video frame,
whether the pixel is a background pixel based at least in
part on pixels in the first video frame and pixels in the
second video frame;

set, in response to determination that the pixel in the inter-

polated video frame is a background pixel, a value of the
pixel in the interpolated video frame based at least in part
on a value of a corresponding pixel in the first video
frame and a value of a corresponding pixel in the second
video frame; and

set, in response to determination that the pixel in the inter-

polated video frame is not a background pixel, the value
of'the pixel in the interpolated video frame based at least
in part on application of a nonlocal means filter to the
first video frame and the second video frame;

wherein the stored instruction that operatively enable the

FRUC tool to set, in response to determination that the

pixel in the interpolated video frame is a background

pixel, a value of the pixel in the interpolated video frame

based at least in part on a value of a corresponding pixel

in the first video frame and a value of a corresponding

pixel in the second video frame include instructions that,

in response to execution by one or more processors,

operatively enable the FRUC tool to:

determine whether the corresponding pixel in the first
video frame and the corresponding pixel in the second
video frame have substantially the same value;

set, in response to determination that the corresponding
pixel in the first video frame and the corresponding
pixel in the second video frame have substantially the
same value, the value of the pixel in the interpolated
video frame to be substantially equal to either the
value of the corresponding pixel in the first video
frame or the value of the corresponding pixel in the
second video frame; and

set, in response to determination that the corresponding
pixel in the first video frame and the corresponding
pixel in the second video frame do not have substan-
tially the same value, the value of the pixel in the
interpolated video frame based at least in part on
applying the nonlocal means filter to the first video
frame and the second video frame.

7. The machine readable non-transitory medium of claim
6, wherein the stored instruction that operatively enable the
FRUC tool to set, in response to determination that the pixel
in the interpolated video frame is not a background pixel, the
value ofthe pixel in the interpolated video frame based at least
in part on application of a nonlocal means filter to the first
video frame and the second video frame include instructions
that, in response to execution by one or more processors,
operatively enable the FRUC tool to:
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identify one or more patches of pixels in the first video
frame;
identify one or more patches of pixels in the second video
frame, wherein the one or more patches of pixels in the
second video frame are temporally symmetric to the one
or more patches of pixels in the first video frame; and
determine a value for the pixel in the interpolated video
frame based at least in part on a weighted average of the
value of the pixels in the one or more patches of pixels in
the first video frame and the value of the pixels in the one
or more patches of pixels in the second video frame.
8. The machine readable non-transitory medium of claim
6, wherein the stored instruction that operatively enable the
FRUC tool to determine a value for the pixel in the interpo-
lated video frame based at least in part on a weighted average
of'the value of the pixels in the one or more patches of pixels
in the first video frame and the value of the pixels in the one
or more patches of pixels in the second video frame include
instructions that, in response to execution by one or more
processors, operatively enable the FRUC tool to:
identify a patch of pixels in the first video frame;
identify a patch of pixels in the second video frame,
wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;
identify a central pixel in the patch of pixels from the first
video frame;
determine whether the identified central pixel is a back-
ground pixel; and
determine a value for the pixel in the interpolated video
frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining a value for the pixel in the interpolated video
frame is based at least in part on a weighted average of
the value of the pixels in the patch of pixels in the first
video frame and the value of the pixels in the patch of
pixels in the second video frame.
9. The machine readable non-transitory medium of claim
8, wherein the stored instructions that operatively enable the
FRUC tool set to determine a value for the pixel in the inter-
polated video frame, based on the determining whether the
identified central pixel is a background pixel, wherein the
determining a value for the pixel in the interpolated video
frame is based at least in part on a weighted average of the
value of the pixels in the patch of pixels in the first video frame
and the value of the pixels in the patch of pixels in the second
video frame include instructions that, in response to execu-
tion by one or more processors, operatively enable the FRUC
tool to:
identify a second central pixel in the patch of pixel from the
second video frame; and
determine an intensity distance based at least in part on the
identified central pixel and the identified second central
pixel;
wherein the determining a value for the pixel in the inter-
polated video frame is further based at least in part on the
determined intensity distance.
10. The machine readable non-transitory medium of claim
6, wherein the stored instruction that operatively enable the
FRUC tool to determine, for each pixel in the interpolated
video frame, whether the pixel is a background pixel based at
least in part on pixels in the first video frame and pixels in the
second video frame include instructions that, in response to
execution by one or more processors, operatively enable the
FRUC tool to:
identify one or more pixels from the first video frame as
background pixels;
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identify one or more pixels from the second video frame as

background pixels; and

subtract the one or more identified background pixels from

the first video frame from the one or more identified
background pixels from the second video frame.

11. A system to upconvert the frame rate of a digital video
comprising:

a processor; and

a frame rate up-conversion (FRUC) tool communicatively

coupled to the processor, the FRUC tool configured to:

insert an interpolated video frame between a first video
frame and a second video frame of the video;

the FRUC tool including a background determination
module configured to determine, for each pixel in the
interpolated video frame, whether the pixel is a back-
ground pixel based at least in part on pixels in the first
video frame and pixels in the second video frame;

the FRUC tool further including a filter module coupled
to the background determination module and config-
ured to set, in response to determination that the pixel
in the interpolated video frame is a background pixel,
a value of the pixel in the interpolated video frame
based at least in part on a value of a corresponding
pixel in the first video frame and a value of a corre-
sponding pixel in the second video frame; and

the filter module is further configured to set, in response
to determination that the pixel in the interpolated
video frame is not a background pixel, the value of the
pixel in the interpolated video frame based at least in
part on application of a nonlocal means filter to the
first video frame and the second video frame;

wherein to determine, for each pixel in the interpolated

video frame, whether the pixel is a background pixel

based at least in part on pixels in the first video frame and

pixels in the second video frame, the background deter-

mination module is configured to:

determine whether the corresponding pixel in the first
video frame and the corresponding pixel in the second
video frame have substantially the same value;

set, in response to determination that the corresponding
pixel in the first video frame and the corresponding
pixel in the second video frame have substantially the
same value, the value of the pixel in the interpolated
video frame to be substantially equal to either the
value of the corresponding pixel in the first video
frame or the value of the corresponding pixel in the
second video frame; and

set, in response to determination that the corresponding
pixel in the first video frame and the corresponding
pixel in the second video frame do not have substan-
tially the same value, the value of the pixel in the
interpolated video frame based at least in part on
applying the nonlocal means filter to the first video
frame and the second video frame.

12. The system of claim 11, wherein to set, in response to
determination that the pixel in the interpolated video frame is
not a background pixel, the value of the pixel in the interpo-
lated video frame based at least in part on application of a
nonlocal means filter to the first video frame and the second
video frame, the filter module is further configured to:

identify one or more patches of pixels in the first video

frame;

identify one or more patches of pixels in the second video

frame, wherein the one or more patches of pixels in the
second video frame are temporally symmetric to the one
or more patches of pixels in the first video frame; and
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determine a value for the pixel in the interpolated video
frame based at least in part on a weighted average of the
value of the pixels in the one or more patches of pixels in
the first video frame and the value of the pixels in the one
or more patches of pixels in the second video frame.

13. The system of claim 11, wherein to set, in response to
determination that the pixel in the interpolated video frame is
not a background pixel, the value of the pixel in the interpo-
lated video frame based at least in part on application of the
nonlocal means filter to the first video frame and the second
video frame, the filter module is further configured to:

identify a patch of pixels in the first video frame;

identify a patch of pixels in the second video frame,

wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;

identify a central pixel in the patch of pixels from the first

video frame;

determine whether the identified central pixel is a back-

ground pixel; and

determine a value for the pixel in the interpolated video

frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining a value for the pixel in the interpolated video
frame is based at least in part on a weighted average of
the value of the pixels in the patch of pixels in the first
video frame and the value of the pixels in the patch of
pixels in the second video frame.

14. The system of claim 13, wherein to determine a value
for the pixel in the interpolated video frame, based on the
determining whether the identified central pixel is a back-
ground pixel, wherein the determining a value for the pixel in
the interpolated video frame is based at least in part on a
weighted average of the value of the pixels in the patch of
pixels in the first video frame and the value of the pixels in the
patch of pixels in the second video frame, the filter module is
further configured to:

identify a second central pixel in the patch of pixel from the

second video frame; and

determine an intensity distance based at least in part on the

identified central pixel and the identified second central
pixel;

wherein the determining a value for the pixel in the inter-

polated video frame is further based at least in part on the
determined intensity distance.

15. The system of claim 11, wherein to determine, for each
pixel in the interpolated video frame, whether the pixel is a
background pixel based at least in part on pixels in the first
video frame and pixels in the second video frame, the back-
ground determination module is configured to:

identify one or more pixels from the first video frame as

background pixels;

identify one or more pixels from the second video frame as

background pixels; and

subtract the one or more identified background pixels from

the first video frame from the one or more identified
background pixels from the second video frame.

16. A method to up-convert a video, the method compris-
ing:

inserting, by a computing device, an interpolated video

frame between a first video frame and a second video
frame of the video;

determining, for each pixel in the interpolated video frame,

whether the pixel is a background pixel based at least in
part on pixels in the first video frame and pixels in the
second video frame;
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setting, in response to determination that the pixel in the
interpolated video frame is a background pixel, a value
of'the pixel in the interpolated video frame based at least
in part on a value of a corresponding pixel in the first
video frame and a value of a corresponding pixel in the
second video frame; and

setting, in response to determination that the pixel in the

interpolated video frame is not a background pixel, the

value of the pixel in the interpolated video frame based

atleastin part on application of a nonlocal means filter to

the first video frame and the second video frame;

wherein the setting, in response to determination that the

pixel in the interpolated video frame is not a background

pixel, the value of the pixel in the interpolated video

frame based at least in part on application of the nonlocal

means filter to the first video frame and the second video

frame includes:

identifying one or more patches of pixels in the first
video frame;

identifying one or more patches of pixels in the second
video frame, wherein the one or more patches of
pixels in the second video frame are temporally sym-
metric to the one or more patches of pixels in the first
video frame; and

determining the value for the pixel in the interpolated
video frame based at least in part on a weighted aver-
age of a value of pixels in the one or more patches of
pixels in the first video frame and a value of pixels in
the one or more patches of pixels in the second video
frame.

17. The method of claim 16 wherein the setting, in response
to determination that the pixel in the interpolated video frame
is not a background pixel, the value of the pixel in the inter-
polated video frame based at least in part on application of the
nonlocal means filter to the first video frame and the second
video frame includes:

identifying a patch of pixels in the first video frame;

identifying a patch of pixels in the second video frame,

wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;

identifying a central pixel in the patch of pixels from the

first video frame;

determining whether the identified central pixel is a back-

ground pixel; and

determining the value for the pixel in the interpolated video

frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining the value for the pixel in the interpolated video
frame is further based at least in part on a weighted
average of a value of pixels in the patch of pixels in the
first video frame and a value of pixels in the patch of
pixels in the second video frame.

18. The method of claim 17, wherein the determining the
value for the pixel in the interpolated video frame, based on
the determining whether the identified central pixel is a back-
ground pixel, and wherein the determining a value for the
pixel in the interpolated video frame is based at least in part on
a weighted average of the value of the pixels in the patch of
pixels in the first video frame and the value of the pixels in the
patch of pixels in the second video frame include:

identifying a second central pixel in the patch of pixels

from the second video frame; and

determining an intensity distance based at least in part on

the identified central pixel and the identified second
central pixel;
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wherein the determining the value for the pixel in the
interpolated video frame is further based at least in part
on the determined intensity distance.
19. A machine readable non-transitory medium having
stored therein instructions that, in response to execution by
one or more processors, operatively enable a frame rate up-
conversion (FRUC) tool to:
insert an interpolated video frame between a first video
frame and a second video frame of the video;

determine, for each pixel in the interpolated video frame,
whether the pixel is a background pixel based at least in
part on pixels in the first video frame and pixels in the
second video frame;

set, in response to determination that the pixel in the inter-

polated video frame is a background pixel, a value of the
pixel in the interpolated video frame based at least in part
on a value of a corresponding pixel in the first video
frame and a value of a corresponding pixel in the second
video frame; and

set, in response to determination that the pixel in the inter-

polated video frame is not a background pixel, the value
of the pixel in the interpolated video frame based at least
in part on application of a nonlocal means filter to the
first video frame and the second video frame;

wherein the stored instruction that operatively enable the

FRUC tool to set, in response to determination that the
pixel in the interpolated video frame is not a background
pixel, the value of the pixel in the interpolated video
frame based at least in part on application of a nonlocal
means filter to the first video frame and the second video
frame include instructions that, in response to execution
by one or more processors, operatively enable the FRUC
tool to:

identify one or more patches of pixels in the first video

frame;
identify one or more patches of pixels in the second video
frame, wherein the one or more patches of pixels in the
second video frame are temporally symmetric to the one
or more patches of pixels in the first video frame; and

determine a value for the pixel in the interpolated video
frame based at least in part on a weighted average of the
value of the pixels in the one or more patches of pixels in
the first video frame and the value of the pixels in the one
or more patches of pixels in the second video frame.

20. The machine readable non-transitory medium of claim
19, wherein the stored instruction that operatively enable the
FRUC tool to determine a value for the pixel in the interpo-
lated video frame based at least in part on a weighted average
of'the value of the pixels in the one or more patches of pixels
in the first video frame and the value of the pixels in the one
or more patches of pixels in the second video frame include
instructions that, in response to execution by one or more
processors, operatively enable the FRUC tool to:

identify a patch of pixels in the first video frame;

identify a patch of pixels in the second video frame,

wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;

identify a central pixel in the patch of pixels from the first

video frame;

determine whether the identified central pixel is a back-

ground pixel; and

determine a value for the pixel in the interpolated video

frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining a value for the pixel in the interpolated video
frame is based at least in part on a weighted average of
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the value of the pixels in the patch of pixels in the first
video frame and the value of the pixels in the patch of
pixels in the second video frame.

21. The machine readable non-transitory medium of claim
20, wherein the stored instructions that operatively enable the
FRUC tool set to determine a value for the pixel in the inter-
polated video frame, based on the determining whether the
identified central pixel is a background pixel, wherein the
determining a value for the pixel in the interpolated video
frame is based at least in part on a weighted average of the
value ofthe pixels in the patch of pixels in the first video frame
and the value of the pixels in the patch of pixels in the second
video frame include instructions that, in response to execu-
tion by one or more processors, operatively enable the FRUC
tool to:

identify a second central pixel in the patch of pixel from the

second video frame; and

determine an intensity distance based at least in part on the

identified central pixel and the identified second central
pixel;

wherein the determining a value for the pixel in the inter-

polated video frame is further based at leastin part on the
determined intensity distance.

22. A system to upconvert the frame rate of a digital video
comprising:

a processor; and

a frame rate up-conversion (FRUC) tool communicatively

coupled to the processor, the FRUC tool configured to:

insert an interpolated video frame between a first video
frame and a second video frame of the video;

the FRUC tool including a background determination
module configured to determine, for each pixel in the
interpolated video frame, whether the pixel is a back-
ground pixel based at least in part on pixels in the first
video frame and pixels in the second video frame;

the FRUC tool further including a filter module coupled
to the background determination module and config-
ured to set, in response to determination that the pixel
in the interpolated video frame is a background pixel,
a value of the pixel in the interpolated video frame
based at least in part on a value of a corresponding
pixel in the first video frame and a value of a corre-
sponding pixel in the second video frame; and

the filter module is further configured to set, in response
to determination that the pixel in the interpolated
video frame is not a background pixel, the value of the
pixel in the interpolated video frame based at least in
part on application of a nonlocal means filter to the
first video frame and the second video frame;

wherein to set, in response to determination that the pixel in

the interpolated video frame is not a background pixel,

the value of the pixel in the interpolated video frame

based at least in part on application of a nonlocal means

filter to the first video frame and the second video frame,

the filter module is further configured to:

identify one or more patches of pixels in the first video
frame;

identify one or more patches of pixels in the second
video frame, wherein the one or more patches of
pixels in the second video frame are temporally sym-
metric to the one or more patches of pixels in the first
video frame; and

determine a value for the pixel in the interpolated video
frame based at least in part on a weighted average of
the value of the pixels in the one or more patches of
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pixels in the first video frame and the value of the
pixels in the one or more patches of pixels in the
second video frame.

23. The system of claim 22, wherein to set, in response to
determination that the pixel in the interpolated video frame is
not a background pixel, the value of the pixel in the interpo-
lated video frame based at least in part on application of the
nonlocal means filter to the first video frame and the second
video frame, the filter module is further configured to:

identify a patch of pixels in the first video frame;

identify a patch of pixels in the second video frame,

wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;

identify a central pixel in the patch of pixels from the first

video frame;

determine whether the identified central pixel is a back-

ground pixel; and

determine a value for the pixel in the interpolated video

frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining a value for the pixel in the interpolated video
frame is based at least in part on a weighted average of
the value of the pixels in the patch of pixels in the first
video frame and the value of the pixels in the patch of
pixels in the second video frame.

24. The system of claim 23, wherein to determine a value
for the pixel in the interpolated video frame, based on the
determining whether the identified central pixel is a back-
ground pixel, wherein the determining a value for the pixel in
the interpolated video frame is based at least in part on a
weighted average of the value of the pixels in the patch of
pixels in the first video frame and the value of the pixels in the
patch of pixels in the second video frame, the filter module is
further configured to:

identify a second central pixel in the patch of pixel from the

second video frame; and

determine an intensity distance based at least in part on the

identified central pixel and the identified second central
pixel;

wherein the determining a value for the pixel in the inter-

polated video frame is further based at least in part on the
determined intensity distance.

25. A method to up-convert a video, the method compris-
ing:

inserting, by a computing device, an interpolated video

frame between a first video frame and a second video
frame of the video;

determining, for each pixel in the interpolated video frame,

whether the pixel is a background pixel based at least in
part on pixels in the first video frame and pixels in the
second video frame;

setting, in response to determination that the pixel in the

interpolated video frame is a background pixel, a value
of the pixel in the interpolated video frame based at least
in part on a value of a corresponding pixel in the first
video frame and a value of a corresponding pixel in the
second video frame;

setting, in response to determination that the pixel in the

interpolated video frame is not a background pixel, the
value of the pixel in the interpolated video frame based
at leastin part on application of a nonlocal means filter to
the first video frame and the second video frame,
wherein the setting, in response to determination that the
pixel in the interpolated video frame is not a background
pixel, the value of the pixel in the interpolated video
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frame based at least in part on application of the nonlocal
means filter to the first video frame and the second video
frame includes:

identifying a patch of pixels in the first video frame;

identifying a patch of pixels in the second video frame,

wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;

identifying a central pixel in the patch of pixels from the

first video frame;

determining whether the identified central pixel is a back-

ground pixel; and

determining the value for the pixel in the interpolated video

frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining the value for the pixel in the interpolated video
frame is further based at least in part on a weighted
average of a value of pixels in the patch of pixels in the
first video frame and a value of pixels in the patch of
pixels in the second video frame.

26. The method of claim 25, wherein the determining the
value for the pixel in the interpolated video frame, based on
the determining whether the identified central pixel is a back-
ground pixel, and wherein the determining a value for the
pixel in the interpolated video frame is based at least in part on
a weighted average of the value of the pixels in the patch of
pixels in the first video frame and the value of the pixels in the
patch of pixels in the second video frame include:

identifying a second central pixel in the patch of pixels

from the second video frame; and

determining an intensity distance based at least in part on

the identified central pixel and the identified second
central pixel;

wherein the determining the value for the pixel in the

interpolated video frame is further based at least in part
on the determined intensity distance.

27. A system to upconvert the frame rate of a digital video
comprising:

a processor; and

a frame rate up-conversion (FRUC) tool communicatively

coupled to the processor, the FRUC tool configured to:

insert an interpolated video frame between a first video
frame and a second video frame of the video;

the FRUC tool including a background determination
module configured to determine, for each pixel in the
interpolated video frame, whether the pixel is a back-
ground pixel based at least in part on pixels in the first
video frame and pixels in the second video frame;

the FRUC tool further including a filter module coupled
to the determination module and configured to set, in
response to determination that the pixel in the inter-
polated video frame is a background pixel, a value of
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the pixel in the interpolated video frame based at least
in part on a value of a corresponding pixel in the first
video frame and a value of a corresponding pixel in
the second video frame; and
the filter module is further configured to set, in response
to determination that the pixel in the interpolated
video frame is not a background pixel, the value of the
pixel in the interpolated video frame based at least in
part on application of a nonlocal means filter to the
first video frame and the second video frame,
wherein to set, in response to determination that the pixel in
the interpolated video frame is not a background pixel,
the value of the pixel in the interpolated video frame
based at least in part on application of the nonlocal
means filter to the first video frame and the second video
frame, the filter module is further configured to:
identify a patch of pixels in the first video frame;
identify a patch of pixels in the second video frame,
wherein the patch of pixels in the second video frame is
temporally symmetric to the patch of pixels in the first
video frame;

identify a central pixel in the patch of pixels from the first

video frame;

determine whether the identified central pixel is a back-

ground pixel; and

determine a value for the pixel in the interpolated video

frame, based on the determining whether the identified
central pixel is a background pixel, wherein the deter-
mining a value for the pixel in the interpolated video
frame is based at least in part on a weighted average of
the value of the pixels in the patch of pixels in the first
video frame and the value of the pixels in the patch of
pixels in the second video frame.

28. The system of claim 27, wherein to determine a value
for the pixel in the interpolated video frame, based on the
determining whether the identified central pixel is a back-
ground pixel, wherein the determining a value for the pixel in
the interpolated video frame is based at least in part on a
weighted average of the value of the pixels in the patch of
pixels in the first video frame and the value of the pixels in the
patch of pixels in the second video frame, the filter module is
further configured to:

identify a second central pixel in the patch of pixel from the

second video frame; and

determine an intensity distance based at least in part on the

identified central pixel and the identified second central
pixel;

wherein the determining a value for the pixel in the inter-

polated video frame is further based at least in part on the
determined intensity distance.
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